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1. GE2JLRAL:

J%om a studyof the reddish-brownooronaobservedaroundthe sun for
two or threeyears after the voloaniceruptionsof Krakatoain 1883,
Mont-Pelee~and SantaMariain 1902,and Katmaiin 1912,astronomersobserved
a signtiicantreduotionin the solarradiation. Ihmphreys(1)calculated
that if 1.734x 1024 particlesof 1.85ticrondi~eter are~~tributed
throughoutthe isothermalregionof the atmosphere,thereWuld be a 10
to 20% reductionin the solarradiation,and that if thisis continued
over a periodof time,it wouldreducethe surfacetemperatureof the
earthby several.degrees,thusproduc~ a generalaooling of the esrthns
alhate. It was calculatedthat if majorvolcaniceruptionsoccuronce
eve= year, or even once everytwo years over a periodof time,the snow
linemay be depressedsignificantlyand producea moderateice age.

II. ‘PURPOSE:
●

A. Investigatevalidityof VolcanicClimateTheory.

.B. DetermineuhetherSuperweapcmscan effectthe climateof the world.

111. ,VALIDITYOF VOLCANICCLIMATETHKME:

‘Thereare maq theorieswhiohtry to explainclhatic changesof the
world. Some of these willbe mentionedIn briefin order to explain why
thevolcanlc theoryof cMmate is preferred. First,thereis We”..f?&bom
DioxideTheorywhichstatesthat climatechangesaccordingto the amount
of aarbondioxidein the atmosphere.It is true that CQ absorbsmore
terrestrialthan solarradiation,but absorptionis very selectiveand
if the amountof C% in the atmospherebe doubledor halved,there would
be only a slightalterationIn the surfacetemperature(approximatelyone
deg~e Centigrade)., Second, we have the Topographicl%eo~ of climates
pretkrredby somegeologistsWho say that long-range olimatiofluctuations
are due to geologicalrevolutionsthat alteredthe topographyof the
earth. Dr. Harry ~er (2.2a) of the U. S. WeatherBureau,in a rec@nt

. artLcle,pointsout.thatthe main objectionto this idea is that there
have been large climetiechangesduringthe last few thousandyears In
regionsof the earthwherethe topograp@ has been stable. Third,thero
are‘thosewho believethat climatiachangesmay be due to fluctuations
in the sun~senergyoutput,but as Umcler pointsout the observedener~
outputof the sun has nevervariedby the requiredamountof 10 or 20%.
The VolcanicTheoryof climatestatesthat the low temperaturerequired
for glaciationfound in the iae ages was causedby the absorptionof
.sokr radiationby voloanlcdustdistributeduniformlyat high levels
in the atmosphere. As earlyas 1784, Benjamin l?ranklin mentionedthe
presenceof volcanicdust in the atmosphereand relatedit to the cold
winterof 1783-1784. The Wasins of SultEerlandsuggestedthat low
temperatureswere due to absorptionof solarradiationby volcanicdust.
-WS shoued that finedust particlesat high levelsshutout solar
radiationeffectivelyby diffusereflection,but thatthisdust does-not
holdin as well the longerheat wavesrediated&ok fromthe ground,thw
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creatinga net 10ss of radiation. This phenomenais of sufficient
importanceto warranta closerstudy. Threequartersof solarradiation
has wavelengthsless than 1 micron,and at pointof maximumintensity
the wavelengthis less ian0.5 micron. Terrestrialradiationhas a
wavelengthof approxti ~ly 12 :...aronsat its pointof maximumintensity.
The cubeof solarwave~mgth Is mall comparedto the volumeoocupied
b a volcanicdust mrticle uhichhas a diameterof 1.85 mic~n. tit the

“ . .

cube of terrestrialuavelengthis largecompm’ed;O the same dust particle.
Then,a+ LordRayleig;has shown,solarradiationuil.1be diffusely
reflecte?l@the volctio dust, but terrestrialradiationwill be randomly
scattered. The followingrelationsapply~

-2npr2x
~.Ie (forreflection)..........Eqn 1

(forscatter)...........o.I@n2

Wherex and y are distancesof uniformlydustyregions.I and E are initial
intensitiesof solarand terrestrialradiationrespectively.

Ix and ~ are intensitiesafterradiationhas passedthrougha uniformly
dustyregion.

n m numberof particlesh the dusty layer

r = radiusof particles

V ~ volumeof a singleparticle

a = wave length

p = 3.UJ6

P!romE@ations one and

7/% = 2 d #/u pz +

Thismeansthat a laYer of

tw ue ge+

= 30 approximately

volcanicdust of 1.85microndiameterIn the
a-sphere is thirty-fold more effeotivein ~utting solarradiationoti
than it is in keepingterrestrialr-iation in. T’Ms is in re~ity ~
InverseGreenhouseeffect~Meh wouldultimatelylowerthe equilibrium
temperatureof the surfaceof the earthif the dustylayeris maintained
aloftindefMtely. Particlesuithdiametersin the orderof one half of
sun’swavelengthor less shut out the solarradiationvery much mors
effeetlmly. Thisis becausein the caseof particleswith such small
diameters(0.2 micronor less) both solarand terrestrial.radiationis
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randomlyscatteredand as Lord l?ayleighhas
mowrtional to the inversefourthpower of

shown.such scatteris
the kve lengthof radiation

..

,

&on;erned(seaEquation2). Theoreticallythis wouldshutout the solar
radiationapproximately332JOM timesas effectivelyaS it uo~d ShUtOUt
terrestrialradiation,sincel&/O.54 =3.32 x 105* ~eusef~ness of
thisfactorwiU be discussedin otherpartsof this report. *xler iS
of the opinionthat Humphreys’VolcanicClimateTheory4s the correctone
becauseof the striking fact that slnoe1912 no major volcanicexplosion
has occurredin the NorthernHemisphereand duringthis periodthe winters
havebeen warmer. No othertheoryof climatecan explainthismarked
warm3ng,and sime this trendmarchedon throughthree full sunspotcyoles$
the warmingcannotbe attributedto ohangesin the sun. Wexleralsopoints
out thatvolcanicdust particlesmay reducethe “sunfal.1”by actingas
nucleifor the formationof ice alouds. Thlshypothesisis basedupon
the recentdiscoverythat dust particlescan act as nucleito form iae
crystalsin subfreezingair saturatedwithwatervapor. Astronomers
measureda maximumreductionof 20% in the radiationof the sun due to the
Katmaivolcanlceruptionin 1912. Fkoma studyof the reddish-brown
coronaaroundthe sun the diameterof the dust particleswas calculated
to be 1.85 micron and the totalnumberof particleswas calculatedto be
1.734x lo~. If it is assumedthatall theseparticlesare sphericaland
theirdensityis 3 @n/& then totalweightof these particlesrequired
aloftis 1.7 x 1013 gm. It shouldbe notedthat if the particlesare 1.85
micronin diameterit wouldtake approximatelytwo years (1.8years)for
suchparticlesto reachthe groundfrom100,000ft. This is basedupon
StokestIAw as alteredby the Cunninghamcorrectionfactor.“Accordingto
the latestestimates,cloudsfrominegatonyield weaponsare expectedto
reachheightsof from 70,000to 150,000ft. with some peoplespeculating
on the possibilityof ventingthe atmosphereif hundredsof megatonsof
yieldme obtained. II the averageparticlesize is 0.?5 ticronthen
9tok.u~bwdoes not applysincethisdust wouldnot settleout evenin
one uenttq, but dust of such smallsize will be subjectedto Brownisn
motionand of courseto atmosphericturbulence. It may be assumedthere-
forethat w dust of 0.2 miarondiameterin the isothermalregionof the
atmosphereW.1 probablyremainthere exceptas effectedby atmospheric
olrculation.

.,
IV. EF’FEETOF SUPERWEAPONSUPONTHE CLIMATEOF THE AXILD:

% If a simplecomparisonis made betweenthe amountof materialejected
fromthe majorvolcanoesand thatfrom atomicbombs (evenof megatonyields)
It is at onceeridentthat volcanoesejectfar more materialintothe
atmosphere.A2thoughno accuratefiguresexistit has been variouslyesti- .
matedthat 13 cubicmilesdisappearedduringKrakatoa,and from 1 to 5
cubicmilesof materi’alwas ejectedfrom Katmaivolcanoin 1912. Some of
thesevolcanoeslastedover a periodof days or weeks kithvariationsin
the intensityof explosions.Thereis no doubtthat largevolcanoeseject
muchmore totalmass into the atmosphereas comparedto any man de
explosion. However,it may be thatvolcanoesare not efficientfi t~s
matter,in that they wastea very largeamountof theirtotaloutputin
the lowerl~ers of the atmosphere.It shouldbe notedthat to produce
majoreffectson climate the volcano must throw high into the atmosphere
(100,000ft.) fine materiel(averagediameterof 2 micronsor less)that

Peri~s ‘f t
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A. CraterSizeProducedby Superweapons

In Ore-.?to make a startin evaluatingwhethersuper-aponscan
effectthe c: ~te, an estimatemust be made of the amountof materialthey
ejectby stu@ng the cratersize. PreliminaryReportof OperationJangle
(2) givesthe apparentcratervolumeof the underground shotas 57,000
cubicyards and thatfor the surfaceshot as 2140 cubicya.mis.lhgineering
ResearchAssociates(9)reportedthat the ratioof true craterdepth to
apparentcraterdepthis 1.782for undergroundand 1.715for surfacewhen
320,000lbs. of TNT was exploded on the surfaceor 35 ft. @ergro@ at
Dllgway&oving Ground. Thistidicatesthat the true cratervolumesfor
the Jangleundergroundand surfaceshots shouldbe approxtitely73,000
and 367o cubicyardsrespectively.

B. %rcent of CraterMaterial I?resentin the AtomicClaud

At the presenttime thereis no adequatemethodof calculatingthe
amountof dust that W be suckedup into the cloudwhen superweaponsare
explodedon the surfaceor underground. However,an attemptwill be made
to evaluatethe orderof magnitudeof the material.suckedup in an atomio
cloudin ofierto determineuhetherthere is a possibilityof superweapons
affectingthe climateof the world.

(1) Percentof MaterialDepositedon Up or .Returnedto Crater

It was thoughtthat some informationcouldbe obtainedby
noting .eamountof materialreturnedto the craterand that deposited
on the lip. 57% of the true cratervolumewas returnedto the lip or
craterin the undergroundJangleShot whilethe amountreturnedduring
JangleSurfaceshotwas 50%. An attemptwas made to determinethe total
amountof fall-outbeyondthe lip of the crater,but the fell-outwas
found to be assymetrioand the informationavailable(5)was inadequate.
It shouldbe notedthat whenan attemptwas made to calculatethe amount
of materialthrownout duringHE tests at Ihgway(8)by subtractingfrom
the tne mater volumethe volumeof materialthat fellback into the
craterand onto the lip, the volumecame out negativeeven when allo-ce
was made for densitydifferences.This is apparentlydue to the fact that
the lip consistsof bothfall-outand push-outmaterial. b view of the
unknownvalue of the push-outmaterial,this approachto the problemwas
abandoned.

(2) ParticleSize

Sc!ilAnalysis
showsthat approximately5
or less. Howeverwhenthe
ftiters,it was shownthat

Distributionin the Throw-out

of Janglearea at NevadaProvingGrotis (5)
to 10% of the soi.Zhas diametersof 2 microns
soil was elutriated(8a)and collectedon molecu.lm
76% of the particleswere2 micronsin diameter -

or less-(seeTableI for more detailedanalysisof ParticleSize Mstribution).
A studyof the ParticleSizein the C1OLV3from TNT explosionsat lMgII&y
ProvingGroundshowsthat97% of Particlesare less than2 microns,94% are
less thap-1

e
d approximately25% are less than0.2 microns. 3outon

5(-j(-J~~Q~~
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(10)studiedthe dustat Frenchman’sFlats,a dry lake at]levadaProving
Grounds. This dustwas that generatedby thermalradiationprior to the
arrivalof the shockwave from Tumbler/Ableshot. Boutonreportsthat
the particlesizedistributionat NPGls similarto that reportedfor
DugwayProvingGrounds. VincentSalmon (4)predictedin November1951 that
the throw-outfromJangleundergroundwouldbe 30,000tons of which 2000
tonswouldbe below1 microndiameterbasedon a laboratoryanalysis. This
indicatesthat6.5 percentby weightof the throw-outwouldbe 1 micronor
less in diameter. It is assumedthat if 1.7 X lCW particlesof approximately
2 microndiaraeterare distributedin the atmosphere,the solarradiationwill
be reduced10 to 20 per cent. If this is true,thenfromRayleighfsrelation
it followsthatonly1/330,000of 1.7 X 1024 particlesof 0.3 microndiameter
are requiredto reducesolarradiationby the sameamount (Seeequations
1 and 2).

(3) Est*tes d ParticleConcentrationin the AtomicCloudfrom
SupemeaponsExplodedon theSurfaceor Underground

At the presenttime thereis practicallyno informationon the
concentrationof soilin the atomiccloudfrom surfaceand sub-surfaceshots.
However,someinformationexistson thismatterwith respectto clouds
producedby TNT explosionsat Dugwayand NW. This informationis con~in~
in TableII and is obtainedfrom references8 and 8s. Accordingto Reference
8, if the cloudfrom3Z0,000lbs. of TNT exploded35 ft. undergroundat
DugWayProvingGroundis assumedto be a cylinderwhichis 3000 ft. highar.d
2000 ft. in diameter,then totalweightof particulatematerialin the
cloudwouldbe 46,OOOlbs. providedthe soildensityb 3 P/cm3. ~is uses
a particleconcentrationof 2300 particles/cm3air, henceit appliesto the
stabilizedcloud. If we assumethat the true craterdimensionsare 252 ft.
in diameterand 77 ft. in depth,then the truevolumeof the crateris
1.9 X 106 cubicfeetif the craterIs a paraboloid.The totil contentsof
the craterwouldthenweigh 3.6 X 108 lbs. Henceapprox*telY 0*~13%
by wt. of the totalcratermaterialis presentin the TNT cloudafterit
is stabilized. Fbrthercalculationshowsthat the particlesize in the
cloudis assumedto be from 0.6 micronto 0.7 micronif all particlesare
spherical,and the totalnunberof particlesin the cloudcomesout to be
6X 1#8. On thebasisof informationcontainedin TablesS and II and
usingthe cuberoot scalinglaw and the Jangleclouddata it is possibleto

. obtainan estimateof the numberof particlesin cloudsof superweapona,and
the valuesobtainedare givenin Tables111 and IV. Inspction of Tables
III and IV showsthat the atomiccloudfroma 2 to 3 Ne@ton SuPe~eaP
containsapproximately4 X 1022 soil particlesif explodedon the surfaceand
3 X 1023 particlesif explodedundergroundfor particleswhich are 0.3 micron
or less in diameter. However,it would be unrealisticto assumethatall of
the 0.3 micronparticlesin the stabilizedatomiccloudwo~d reachthe is-
thermalregionof the atmosphere. It will be assumedtMt only lo% of the
0.3 micronparticlesin the atomiceloudreachthe necessaryhigh altitudes

5...
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This meansthat 4 X 10a particlesof 0.3 microndiameterfrom the surface
and 3 X 1022 particlesfrom the undergroundshot will reach the stratosphere~
It has beenassumedthat 1.5 X 1020prticles of 0.3 d-n size are

requiredto reducesolarradiationby 10 to 20%0 ~=n if this a~sumPtionis
in errorby a factorof 10 or evenby a factorof 100, superweaponsof 10 to
100 megatonsstillhav the capabilityof reducingsolarradiationsignifi-
cantlyM explcdedon .esurfaceor underground.If superweaponsare
explodedin the air insteadof on the surfaceor sub-surface,theywill have
no effecton the climateof the worldas far as the dust factoris concerned.
It is alsoassumedthat the atomiccloudwi~ rise up to heightsof 70,000
to 100,000ft. m.s.lo

v. SUMMARYAND CONCLUSIONS

A. It 1s assumedthat if approximately2 X 10~ to 2 X 1026volcanic
ash particlesof 2 micron diameterare distributedin the isothermalregion
of the atnosphere$solarradiationwill be reducedby 10 to 20%. If the
atmosphereis filledwith suchan amountof volcanicash once everyyear or
evenonce everytwo yearsovera long periodof time,the surfacetempera-
ture of the earthmay be reducedby severaldegreesresultingin a general
coolingof the hemisphere.

B. It is calculatedthatif superweaponsof 10 to 100 megatonenergy
yieldare explodedon the surfaceor undergroundin tiryclay or sandytype
of soil,a sufficientamountof 0.3 micronsoil particleswill be ejected
into the isothermalregionof the atmosphereto reducethe solarradiation
by appror‘sate.y10 or 20%. If suchsuperweaponsare explodedonce every
six montk.over a periodof time,it may be possibleto reducethe surface
temperaturesufficientlyto depressthe snowline and to increasethe general
cloudiness.Thus it may be possiblethata generalcoolingof the climate
of the NorthernHemisphereis withinthe reach of ~n.

C. Sinceit is not possibleat the presenttime to comparethe soil
of Eniwetokwith thatat NevadaProvingGroundor at I)ugway,no statements
can be made concerningthe effectof superweaponsexplodedon the surface
in the PacificIslanda.

D. If it is at all possibleto lower the suri’acetemperatureof the
earth,thus bringingon a generalcooling,this effectprobablycannotbe
confinedto any one regionor country.

E. It will be difficultto evaluateexperimentallythe amountof dust
thrownout into the stratospherefrom superweaponsexplodedon the surface
or underground.This is becausesamplecollectingmethodsat heightsof
100,000ft. have not yet been developed,and also becauseof the low order
of collectionefficiencyfor particleswhich have diametersless thanone
micron. However,it may be possibleto make some indirectmeasurements.
For instance,a changein sky brightnessor a reductionin the solarradia-
tionmaybe anticipated.



VI. RECOMENDATIONS:

A. Everyattempt

. +-.

----w’”<
shouldbe made to determinethe particleconcentration

in the atomiccloudproducedby the Mike Shot of IVY in orderto determine
the validityof the calculationscontainedin TableIII of this preliminary
report. Program5.4bof IVY may shed some lightin thismatter.

B. Rperts in the fieldof atmosphericradiationshouldbe asked to
checkHumphreys’calculationsconcerning the numberof particlesof 2 micron,
diameterrequiredto reducesolarradiationby 10 to 20$. Humphreyscalcu-
lated thatapproximately2 X 1024 particlesare required. In the pr ent
study, t has beenassumedthatthe correctfigureis between2 X 10

k
% to,.

2 X 102 particles. It is recommendedthat this rangeof valuesbe checked.

C. Experimentsshouldbe made with scaledvaluesofTNT. SuchTNT
explosionsshouldbe made on differenttypeeof soiland the particlesize
distribution,particleconcentrationand total number of particles in the
cloud from TNT explosions should be determined. Suchdata shouldthen be
scaledto atomicexplosionsto determinethe accuracy of calculations con-
tainedIn Tables111 and IV of this preliminaryreport.

D. In the eventthatit is possible
an attemptshouldbe made to evaluatethe
temperatureupon the countrieslocatedin
comparedto those countriesin the middle

to reduce the surface temperature,
effectof sucha decreasein
the morenortherlylatitudesas
latitudeaor in the tropics.

E. Differenttypesof soilshouldbe sent to V. Schaefferor other
expertsIn the fieldof nucleatingagentsto determinethe relativenucleating
propertiesof the dust thatwillbe ejectedaloftby superweapons.This
recommendationis basedon Dr. Weilerts statementsconcerningthe nucleating
propertiesof volcanicash (seereferences2 and 2a).

F. An attemptshouldbe made to determinethe circulationpatternin
the levelof from 70,000ft. to 100,000ft. m.s.l.duringNovemberin the
latitudeof Eniwetok. Once this circulationpatternis established,action
shouldbe taken to determinewhetherthereare any visibleevidencesof dust
aloftfrom the superweaponthatwill be explodedat IVY,providedthe super-
weaponat IVY ie to be detonatedeitheron the surfaceor at a heightnot.
over 50 ft. from the ground.

●
✎
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P&RCENTAtih’OF TOTALPfl.RTICLESIN EACHSIZE PANGE

PARTICLJ
DIAMiiiihR DISPERSED DISPiSRSED CLOUDSFROMTNT EXPLOSIONS

NPG SOIL DUGAAYSOIL AT DUG WAY ATNPG
IN ~fICRONS

_,. —.— — —-

1.0 SCALd 0.5 SCALE 0.2 SCALE 0.2 SCALE
SJRFACE UNDERGR’91JND

_IMP. M-F ._L:.
14,F. I!@. M.F. 1~. M.F. IMP. M.F. IMP. M.F. IMP. M.F.

o
6.3
19.1
30.2
12.7
7.9

15.8

7.9

0

8.6$
30.7
XI*4
15
6.5
3.5
4*3

>,2

;.0
2.2

1.3

2.6

1.7
0

15.3$
29.s
12.9
14.2
10.2
5.1
J.&

L.7
G-

1.0
0.7

.0.7
13 -

1.7
‘6 -

0
0

&
20.1%
22.5
17.8
10.1
5.9

;::

‘3.6
78$ -

2.4
2.4

1.8
is -

4.8
5-

0
.- 0

1.5 -

;.3 -

0.2 -

1.1%
10.3
11.5
18.4
16.1
11.5
13.5

;.4

8.0
0

2.3

;.4

1.1

~ 0.05
0.054.1
0.1-0.2
0.2a.3
0.34.4
0.4-0.5
0.5-0.6 ,
0.5-1.0
0.6a.7
~ 0.77
0.7-0.8
0.8a.9
[1
0.9-1.0
0.77-1.54
1-2
1.54-3.o$
2
3::
2
3.&16
4-8
;.16;;.24

9.;4-12.32
12 -20

1.4%
12.6
14
17.5
10.5
8.3

b

G

28

10

1.5

0.5

0

27.3
.

8393 -

16 7.6

0.8

3-
1.5 -

03-
7 0.5 -

0-

0
00.5 -

02

0.5 - 0
1 0 ,--

?4.F. = Molecul= Nlter
= Iiupactors

~y”scale is 3,20,000lbs. TNT exploded35 ft. undergrod
0.5 Scaleis 4.0,000lbs. TNT explod~ 17 ft. undergrod
0.2 Soaleis 2,560 lbs. TNT exploded 7 ft. umiergroti
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TABLEII

uEiuGui,~ lN ~ OF AIR FOR DIAMEIERSGREATERTHAN0.3 MICRON

N P G SHOTS

DUGWAT UNDERGROUNDSHOTS SURFACE SUBSURFACE

PASSNUMBER 1.0 SCALE O*5 SOALE 0.2 SCALE 0,2 SCALE 0.2 SCALE

1 2Y300 6’mo 5667 —

2 4700 2300 .— 14?8

3 1700 2000 .— 113 6992

4 45’00 790 — 2916

5 33Q0 860 20* 2032

6
. I.loo 740 -— 1568

7 20 20 -- 20*

Firstpass wasmade at approximatelytwo minutesafterzerotime,and eaoh succeedingpass at

intervalsof two minutes.
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AtomicCloudPars.mtersfor Super-Pona EKPlodd on the Surfaceof Dry Clay or Sandy
t- ine Law UsimzJande SurfaoeData:

@lGLE SURFACEDATA

“5500 Particles/cd

1

12,800 Particles/&

7L46 ft.

2593 ft.

780 ft.

1710 ft

3 xl@o cu. ft.

1.3 x 109 cu. ft.

2.75 X 10n cu. ft*

8.5 ~ 1018 p~i~~es

2 x 1019 Particles

90,000 ft.

32,7(XI ft.

10,OOLJ

21,500

6 X1013 CU. ft.

3 xlo~ ellsft.

5.7X1013 cu. ft.

1.7 x 1022 Particles

:,TACAM’ULAT~ FOR SUPKRh’SAPONS
IPLODEDON THE SUKF’ACE

10,000Particlea/& ParticleDensityin cloudfor
particlesgreaterthan 0.3 micron
diameter

23,000Particles/a3 ParticleIkmsityin cloudforz-
pSXthl@B with diameters~
than 0.3 ~cron

Heightcloudtop

Heighttop stem

‘didthetem “

~iUS cloudIllUS&O~

Totalvolumeof cloud

4 x 1* Particles

Volumestem

Volumemusbroa

Totslnumberof particlesgrater
th~ 0.3 ~cron

Totalnumberof Particlesless
than0.3 ticron



AtomicCloudPsrmeters for Superwapns lixplti~Undervmd in M Clayor -y
Type of Ml. ks~ on ~~ Root scalfiz Law Us@ Undermomd kta:

JANGLEUNDERGRG~ “
, DATA

23,000Particles/cm3
I

57,000Particles/&

1.2

5000 ft.

8 X 1010 CU. ft.

5.3 x 10IQWrticles

1.3 x 1020 Particles

DATA CAILLKJAT~FOR SUPZR’WPONS
KXPLOD~ UNDERW~D

30,000Particles/cm3 ParticleDensityin Cloudfor
particlesgreaterthanO.3 micron
diameter

70,000Particles/~ Particleden~ity~ clo@ ‘or
@icles ~t~ O*3 ‘iCron
diameter

2.4 x 103 Yield in Kilotons
,

60,000 ft. HeightCIOUdtop

1.6 X l& CU. ft. Totslvolumeof cloud

1.3 x 1023 Particles Total.numberof ptiicles
greater th= 0.3 ~cron

3 x lC#3 .%rticles Totalnumberof particles
less than0.3 ~crcn

““k%%%l+-
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